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has been 30 hours, and the mean predischarge left ventricular 
ejection fraction was 46%, representing a marked improve-
ment from the global depression seen at initial presentation 
(N. J. Thomas, MD, unpublished data). 
We believe our clinical observations have demonstrated the 
safety and feasibility of the technique described and fit with 
what Ihnken and associates seem to be saying. That is, 
extremely high levels of oxygen can injure the heart (in a Po2-
dependent fashion4) in even the best of elective circumstances, 
when the heart is normoxic. Furthermore, we believe that suf-
ficient laboratory data exist to support the concept that cellu-
lar injury, after abrupt reoxygenation of previously hypoxic 
myocardial and endothelial cells, certainly must be occurring 
during emergency reperfusion when the heart has been 
starved for oxygen for hours and hours in the working state. 
Our work grew out of the realization and frustration that 
surgical results in this type of patient had been poor previ-
ously, both historically and in our hands. Similarly, the pio-
neering work of the group at the University of California at 
Los Angeles,5 regarding the controlled reintroduction of mol-
ecular oxygen, examined specifically the cause for morbidity 
related to myocardial dysfunction in some infants and chil-
dren with cyanotic heart disease after corrective surgery. This 
led us to wonder whether advanced myocardial infarction 
might be another clinical scenario, albeit different, where this 
concept has applicability. Our surprising clinical results with 
the first 2 patients caused us to add to our strategy a reduction 
of initial FIo2 levels, such that arterial P02 remained physio-
logic (100-120 mm Hg), immediately on induction of anes-
thesia and intubation in such patients. This strategy was 
maintained and included initiation of CPB levels at normox-
ia, until gradual reoxygenation of the struggling heart could 
be accomplished. 
We endorse the further investigation of this paradigm shift 
and we are actively involved in our laboratory in doing so. We 
believe a safer way to reintroduce molecular oxygen in this 
setting now exists. Ihnken and associates have provided 
invaluable biochemical proof that we have probably been cor-
rect since we started "hypoxemic reperfusion" in April of 
1997 at Loyola University. We believe, further, on the basis of 
this article and other data,6,7 that the concept will be especial-
ly relevant when, at the cellular and molecular levels, the heart 
is poised to be overwhelmed by the influx of molecular oxy-
gen substrate, shown to be injurious in precisely that setting. 
We congratulate Ihnken and his associates on another fine 
article. This is a concept we believe has tremendous merit and 
may have applicability in several clinical settings. 
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Reply to the Editor: 
I would like to thank Thomas and his colleagues for their 
interest in our recent article! and I appreciate their kind 
remarks. 
They are to be congratulated for their excellent clinical 
results in a subgroup of high-risk patients. Their findings are 
similar to our results in 37 patients with acute coronary 
occlusion treated with blood cardioplegic controlled coronary 
reperfusion.2 This concept of controlling the circumstances 
of initial reperfusion after ischemia was originally developed 
by Buckberg,3 long before we established controlled reoxy-
genation after hypoxemia.4 
It is important to distinguish between ischemia-reperfusion 
and hypoxia-reoxygenation injury, and not to interchange the 
two terms for different settings.5 Whereas there is normal or 
increased blood flow with nutritious blood during hypoxia, 
there is no blood supply to a completely ischemic area, which 
will become secondarily hypoxemic and acidotic. 
Reperfusion injury has a multifactorial cause, in which 
restoration of blood flow with normal blood at systemic pres-
sure (uncontrolled reperfusion) will cause lipid peroxidation, 
membrane damage, cell swelling, calcium overload, mito-
chondrial disruption, and myocardial necrosis.3 Controlled 
reperfusion incorporates mechanisms to control the composi-
tion of the reperfusate (calcium, substrates, osmolarity, pH, 
oxygen-derived free radical scavengers) and the circum-
stances of the initial reperfusion period (time, temperature, 
and pressure). Reduced oxygen content in the reperfusate is 
only one aspect, but all determinants have to be addressed to 
obtain the full beneficial effect. 3 
Reoxygenation injury after hypoxemia, in contrast, is main-
ly caused by oxygen-derived free radical production and can 
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be significantly reduced by simply applying the concept of 
normoxia, without considering pH, calcium levels, osmolarity, 
or pressure. This is demonstrated in the present study and in 
our studies of hypoxemic immature hearts. I •6.7 However, car-
diac reoxygenation injury during ischemia was avoided only 
by using oxygen reduced, controlled reoxygenation with sub-
strate-enriched blood cardioplegic protection.4,8 We must also 
consider that, contrary to coronary reperfusion, hyperoxia not 
only affects the myocardium, but may have a whole body 
effect. 
Our study I was designed to assess the damaging potential 
of hyperoxic extracorporal circulation. Both patient groups 
underwent ventilator hyperoxia, which is clinically routine, 
as mentioned by Thomas and associates, There is evidence 
that hyperoxia during ventilator support also may have nega-
tive effects.9 It is therefore conceivable that patients have an 
initial reoxygenation injury before cardiopulmonary bypass 
(CPB). The results of our study, I however, indicate that this 
was not the case, inasmuch as biochemical markers of injury 
were low at institution of CPB and rose later. Further investi-
gations will have to address this interesting issue. 
I believe that hyperoxia is not physiologic, but damaging to 
all organs, and furthermore unnecessary, especially during 
CPB.IO All clinical situations dealing with reperfusion after 
ischemia or reoxygenation after hypoxia (for example, trans-
plantation, replantation, and extracorporeal membrane oxy-
genation) have to take into account the damaging potential of 
hyperoxia and may benefit from applying normoxia. For 
example, we could demonstrate that adherence to these con-
cepts can prevent reperfusion injury after prolonged skeletal 
muscle ischemia. II 
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Consideration of anatomic defects in the etiology of 
catamenial pneumothorax 
To the Editor: 
We read with interest the recent report of Fonseca, I 
"Catamenial Pneumothorax: A Multifactorial Etiology." We 
certainly agree that the etiology of this disorder is uncertain, 
and Fonseca's report is a timely contribution to our under-
standing of this condition, which is becoming increasingly 
recognized. In fact, a recent report by Blanco and associates2 
estimated that catamenial pneumothorax accounts for 2.8% 
to 5.6% of pneumothoraces in women. Indeed, because spon-
taneous pneumothorax occurs overwhelmingly in men, we 
conclude that this entity should be considered in all pre-
menopausal women who have pneumothorax, especially with 
recurrence. A search of the literature reveals that this disorder 
is becoming increasingly appreciated. 
Although we~ concur that multiple causes may account for 
the occurrence of recurrent pneumothoraces in these patients, 
we cannot overlook the role of anatomic abnormalities. We3 
recently reported a case of catamenial pneumothorax in which 
diaphragmatic endometrial implants and fenestrations were 
encountered. In addition, other recent reports have document-
ed similar findings.2.4 Likewise, Slasky and coworkers5 
reported on 3 patients with catamenial pneumothorax and 
diaphragmatic involvement in whom the central tendon of the 
diaphragm was resected with good results. We think that the 
estimates of the incidence of diaphragmatic implants or fen-
estrations quoted by Fonseca are low, and we refer to the more 
recent meta-analysis performed by Joseph and Sahn.6 These 
authors found that in 48 women who underwent surgery for 
catamenial pneumothorax, 42 had diaphragmatic fenestra-
